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(54) A shape memory actuator with bi-stable operation 

(57) A shape memory actuator includes a shape 
memory actuator element (1) for biasing an actuated 
member (3) from an initial rest position to an operative 
position against the action of return spring means (4). 
Holding means (7,8) are associated with the actuator 
element (1) for holding the actuated member (3) in its 
operative position even when the shape memory actu- 
ator element (1 ) is deactivated. The holding means (7,8) 
comprise a cam guide (8) within which a cursor (7) as- 
sociated with the shape memory actuator element (1 ) is 
engaged. The cam guide (8) comprises an entrance 
section (9), followed by a diverging section (10), and a 
converging section (12) terminating in an inverting-V 
shaped section. 
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Printed nv Jcuve 7500 1 PARIS fFF 



1 



EP 1 241 351 A1 



2 



Description 

[0001] The present invention concerns shape memo- 
ry actuators of the type including: 

5 

a shape memory actuator element connecting a 
support structure to an actuated member, for the 
purposes of moving the latter from a first position to 
a second position when the shape memory actuator 
element is heated above a predetermined temper- io 
ature, and 

return spring means biassing the actuated member 
towards its first position. 

[0002] Shape memory actuators have already found is 
a variety of applications in different technological fields. 
These actuators make use of actuator elements com- 
posed of a shape memory material, typically a nickel and 
titanium alloy which possesses the property of contract- 
ing when its temperature exceeds a certain transition 
value. The Applicant has already presented various pat- 
ent applications regarding shape memory actuator ap- 
plications, such as for the adjustment of motor vehicle 
rear-view mirrors, deflector plates in air conditioners for 
motor vehicles, and various other devices. The advan- 
tage of these actuators resides in the fact that they have 
an extremely simply structure, are light and occupy little 
space, whilst simultaneously providing reliable and effi- 
cieni operation. 

[0003] A possible drawback that limits the application 
of these actuators resides in the fact that they exhibit an 
intrinsically monostable mode of operation. In other 
words, they can be switched between a rest condition 
and an active condition by heating the element made of 
a shape memory material, this heating being achieved 
by passing an electrical current through the actuator el- 
ement for example. When the actuator element cools 
down, when current is no longer present for example, it 
automatically returns to its rest condition. This return 
motion is often aided by providing return spring means, 
as already defined above. Consequently, with these ac- 
tuators, if it is wished to keep the actuated member in 
the position corresponding to the actuator's active posi- 
tion, the actuator must be kept hot. i.e. by continuing to 
pass an electrical current through it, for example. Alter- 
natively, it is possible to provide a mechanical fastening 
system for maintaining the actuator in position even af- 
ter it has cooled down, but in this case, it is also neces- 
sary to provide an additional actuator device for releas- 
ing the fastener mechanism. Another known solution is 
that of providing two opposing actuators that are selec- 
tively activated to maintain the actuated member in a 
first or second position, even when the other actuator is 
"cold". All of the above solutions are complicated, bulky 
and expensive. 

[0004] The object of this invention it that of realizing 
a shape memory actuator that exhibits bi-stable opera- 
tion, in other words one that is capable of remaining sta- 



ble in both the rest position and the active position when 
the actuator element is "cold" , and that provides a single 
shape memory element forth is purpose, thereby advan- 
taging compactness, costs and constructional simplici- 
ty. 

[0005] In order to achieve this objective, the subject 
of the invention is a shape memory actuator possessing 
the characteristics indicated at the beginning of this de- 
scription and which is also characterized in that suitable 
holding means are associated with the said actuator el- 
ement for holding the actuated member in its second 
position even when the shape memory actuator element 
cools down, said holding means being deactivated to 
allow the controlled organ to return to its first position 
following a further activation of the shape memory ac- 
tuator. 

[0006] In a practical form of embodiment of the inven- 
tion, the said holding means include a cam guide mount- 
ed on the support structure and a cursor that can move 
along the guide and is operatively connected to the ac- 
tuated member, said cam guide having a first dead point 
corresponding to the first position of the actuated mem- 
ber and a second dead point, corresponding to the sec- 
ond position of the actuated member, in which the said 
cursor is restrained due to the return effect of the said 
spring means. 

[0007] When the actuated member is in the first posi- 
tion, heating of the actuator element causes the actuat- 
ed member to move to its second position. Simultane- 
ously, the said cursor moves along the cam guide until 
it reaches the said second dead point, where it is 
blocked by the cam guide, even when the shape mem- 
ory actuator is cooled down. To bring the actuated mem- 
ber back to its first position, it is necessary to activate 
the actuator element a second time, in order to make 
the cursor leave the second dead point and then allow 
it to return to the start position under the effect of the 
return spring means and with the actuator element 
cooled down. In other words, each successive heating 
of the actuator element provokes either the passage of 
the actuated member from its first position to its second 
position, or the passage of the actuated member from 
its second position to its first position, this actuated 
member always being restrained in the position that it 
reaches each time after the actuator element cools 
down. 

[0008] Further characteristics and advantages of the 
invention will become clear from the description that fol- 
lows, supplied merely as a non limitative example and 
with reference to the enclosed drawings, where: 

Figure 1 is a schematic view of a form of embodi- 
ment of an actuator device in accordance with the 
invention, and 

Figure 2 is an enlarged-scale view of a detail in Fig- 
ure 1 . 

[0009] In Figure 1 , reference number 1 schematically 
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indicates a shape memory actuator composed of a wire 
made of a shape-memory alloy, with one end connected 
to a fixed support structure 2, and the other end con- 
nected to an actuated member 3 . The actuated member 
3 is schematically illustrated in the drawings and can 
naturally be represented by any type of member des- 
tined to be moved between two different operational po- 
sitions. In the illustrated example, the actuated member 
3 includes a rod 3a guided in a smooth-running manner 
with respect to the fixed structure 2 and drawn towards 
a first position by a coil spring 4 that is inserted between 
the between the fixed structure 2 and a small plate 5 
connected to the rod 3a. 

[0010] When the shape-memory element 1 is heated, 
by passing an electrical current for example, the wire 1 
contracts and, starting from the position illustrated in 
Figure 1, moves the actuated member 3 downwards, 
compressing the return spring 4. 

[0011] In traditional shape memory actuators, the 
structure is substantially that described above. These 
actuators thus exhibit a monostable operation, in the 
sense that when the wire 1 is no longer heated it returns 
to its natural condition, for which the actuated member 
3 returns to its start position, this being also aided by 
the return action of the spring 4. 

[0012] The shape memory actuator in accordance 
with the invention instead exhibits bi-stable operation. 
In order to achieve this, the actuated member 3 carries 
a small rod 6, oscillating at point F with respect to the 
member 3. The small rod 6 terminates with a ferrule or 
cursor 7 that engages with a substantially closed-loop 
cam guide 8. 

[0013] As can be seen in Figure 2, the cam guide has 
a substantially inverted-Y shape, with an entrance sec- 
tion 9, two diverging sections 10 and 11, and another 
two sections 12 and 13 joined by a central V-shaped 
section 14. 

[0014] When the actuated member 3 is in its rest po- 
sition illustrated in Figure 1 , the cursor 7 is in an upper 
dead point indicated as PMS in Figure 2. Starting from 
this condition, following activation of the shape memory 
element 1 , the actuated member 3 is lowered, During 
the lowering of the actuated member 3, the cursor 7 en- 
ters the entrance section 9 of the cam guide 8 and then 
runs through sections 1 0 and 12 until it arrives at a max- 
imum point indicated by reference number 15. At this 
point, should the shape memory wire 1 be cooled, the 
cursor 7 will return upwards under the effect of the return 
action of the spring 4, until it engages the apex of the V- 
shaped section 14 where it becomes trapped, conse- 
quently blocking the actuated member 3 in its second 
position, in spite of the return action of the spring 4 and 
the fact that the action of the actuator element 1 has 
ceased. To return the actuated member 3 to its first rest 
position, it is necessary to activate the actuator element 
1 again, to lower the actuated member 3 by a sufficient 
distance to bring the cursor 7 to the point indicated by 
reference number 16 in Figure 2. At this point, deacti- 



vating the actuator element 1 , will cause the actuated 
member 3 to return to its first rest position, because the 
cursor 7 is free to move through the sections 13 and 11 
of the cam guide 8 until the upper dead point PMF is 
5 reached. 

[0015] Naturally, where it is wished to provide more 
than one stable position, it would be possible to arrange 
various V-shaped sections, of the same type as section 
14, in series in the cam guide 8. 

10 [0016] Furthermore, whilst maintaining the principle 
upon which the invention is based, which consists in as- 
sociating the actuator element with holding means hav- 
ing a bi-stable operation of a type similar to that de- 
scribed above, the shape of the cam guide 8 could nat- 

15 urally be different, as well as the shape of the actuator 
element 1 and the actuated member 3. 
[001 7] The above-described solution allows bi-stable 
operation of an actuated member via a shape memory 
actuatorto be achieved without resorting to complicated 

20 solutions, such as the utilization of more than one shape 
memory actuator for example. 

Claims 

25 

1 . A shape memory actuator, comprising: 

a shape memory actuator element (1 ) connect- 
ing a support structure (2) to an actuated mem- 
30 ber (3), for the purposes of moving the latter 

from a first position to a second position when 
the shape memory actuator element (1 ) is heat- 
ed above a predetermined temperature, and 
return spring means (4) for biassing the actuat- 
es ed member (3) towards its first position, 

characterized in that holding means (7 and 
8), suitable for holding the actuated member in its 
second position even when the shape memory ac- 

40 tuator element (1) cools down, are associated with 
the said shape memory actuator element (1), the 
said holding means being deactivated to allow the 
actuated member to return to its first position follow- 
ing a subsequent activation of the shape memory 

*5 actuator element (1). 

2. An actuator according to Claim 1 , characterized in 
that the said means of return include a cursor as- 
sociated with the shape memory actuator element 

so (1 ) and a cam guide (8) within which the said cursor 
(7) is engaged, and in which a first dead point and 
a second dead point are defined, where the cursor 
(7) remains when the actuated member (3) is in its 
first position or its second position, with the actuator 

55 element (1 ) deactivated. 

3. An actuator according to Claim 2 : characterized in 
that the said cam guide (8) possesses an entrance 
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section (9), followed by a diverging section (10) and 
a converging section (12) terminating in an invert- 
ed-V shaped section, the other end of which is con- 
nected to the entrance section (9) via two additional 
sections (13 and 11), which together define a 5 
closed-loop path. 

An actuator according to Claim 3, characterized in 
that the said cursor (7) is mounted on the end of a 
rod (6) connected in an oscillating manner to the 10 
actuated member (3). 

An actuator according to any of the previous 
Claims., characterized in that the said return spring 
means (4) also function as return spring means for '5 
the holding means (7 and 8). 

The whole is substantially as described and 
illustrated and for the specified purposes. 
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